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© VHF DC-DC power supply.

© A DC to DC power supply including an RF driver

circuit for providing an RF output drive signal having

a frequency greater than about 50 MHz, power am-

plifier circuitry (60) responsive to the RF output drive

signal and a DC voltage supply for providing an

amplified AC output, and an impedance transforming

circuit (80) such as a baiun transformer for trans-

forming the AC amplified output to an impedance

transformed AC signal. The transformed AC signal is

provided to a rectifying circuit (90) which provides a

DC output A feedback regulation control circuit

(100) provides for regulation of the power supply

output voltage. The DC to DC power supply is ad-

vantageously implemented with printed microstrip or

stripline passive components.
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BACKGROUND OF THE INVENTION

The disclosed invention is generally directed to

DC to DC power supplies, and is more particularly 5

directed to a DC to DC power supply which op-

erates at very high frequencies with high DC volt-

age sources.

DC to DC power supplies are utilized in ap-

plications where the originating power source pro- 70

vides a DC voltage, and the required voltage is a
DC voltage different from that provided by. the

originating power source. Typically, the originating

DC power is converted to AC power, for example,
in square wave or sinewave form, which is appro- 15

priately stepped up or stepped down with a trans-

former. The transformed AC power is appropriately

rectified and filtered to provide the desired DC
power.

It is recognized in the art that higher AC op- 20

erating frequencies provide reduced size and
weight of power supplies, thereby increasing power
density (i.e., the amount of power output per unit

volume of circuitry). However, considerations such
as transformer size, reduced transformer coupling, 25

and switching losses have prevented the utilization

of very high frequencies, for example, 20 MHz and
greater, with existing DC to DC power supply de-
signs.

A further consideration with existing DC to DC 30

power supply designs is the inability to convert

high DC voltages at very high frequencies due to

device operating limitations.

SUMMARY OF THE INVENTION

components.

The invention further includes a feedback regu-

lation control circuit which provides for regulation of

the power supply output voltage.

BRIEF DESCRIPTION OF THE DRAWING

The advantages and features of the disclosed

invention will readily be appreciated by persons
skilled in the art from the following detailed de-
scription when read in conjunction with the drawing
wherein:

FIG. 1 is a block diagram of a power supply
in accordance with the invention.

FIG. 2 is an illustrative example of an oscilla-

tor and a preamplifier which can be utilized in the
power supply of FIG. 1.

FIG. 3 is an illustrative example of a power
amplifier circuit which can be utilized in the power
supply of FIG. 1

.

FIG. 4 is another illustrative example of a
power amplifier circuit which can be utilized in the
power supply of FIG. 1.

FIG. 5 is an illustrative example of an imped-
ance transformation circuit and a rectifier/filter cir-

cuit which can be utilized in the power supply of

FIG. 1.

FIG. 6 is an illustrative example of a multiple

stage power amplifier circuit which can utilized in

the power supply of FIG. 1.

FIG. 7 is a block diagram of the feedback
regulation control circuit of the power supply of

FIG. 1.

It would therefore be an advantage to provide a
DC to DC power supply that operates at very high 40

frequencies.

Another advantage would be to provide a DC to

DC power supply that operates with high DC
source voltages at very high frequencies.

The foregoing and other advantages are pro- 45

vided by the invention in a DC to DC power supply
that includes an RF driver circuit for providing an
RF output drive signal having a frequency greater

than about 50 MHz, power amplifier circuitry re-

sponsive to the RF output drive signal and a DC so

voltage supply for providing an amplified AC out-

put, and an impedance transforming circuit such as
a balun transformer for transforming the AC am-
plified output to an impedance transformed AC
signal. The transformed AC signal is provided to a 55

rectifying circuit which provides a DC output. The
DC to DC power supply is advantageously imple-

mented with printed microstrip or stripline passive

DETAILED DESCRIPTION

In the following detailed description and in the

several figures of the drawing, like elements are

identified with like reference nur arals.

Referring now to FIG. 1. illustrated therein is a
block diagram of a DC to DC power supply 10
which includes a self-excited oscillator 20 that pro-

vides its AC output to a preamplifier 30. A bias

supply circuit 40 coupled to a DC power source
V^ provides DC bias for the oscillator 20 and the

preamplifier 30.

The power supply 10 further includes an AC
power amplifier circuit 60 that provides its AC
power output to an impedance transformation cir-

cuit 80. The impedance transformation circuit 80
steps the voltage up or down as required to pro-

vide a transformed AC power output to a
rectifier/filter circuit 90 which rectifies and filters the
AC power to provide the desired DC output voltage

BNSDCCID: <EP 0399561A2J_>
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Voo,. As discussed more fully herein, the AC power

amplifier circuit 60 includes one or more power

amplifiers and provides one or more AC outputs.

The output voltage Vwl is regulated tightly over

varying load conditions via a feedback regulation

control circuit 100 which senses the output voltage

Vooi and provides a control signal to the pream-

plifier 30 to control the DC current therethrough,

thereby controlling the RF output drive signal pro-

vided by the preamplifier 30 to the power amplifier

circuit 60.

Referring now to FIG. 2, the self-excited os-

cillator 20 includes a resistor 11 connected be-

tween the power source and the base of an

NPN transistor 13 which is configured as a tuned

base oscillator. An inductor 17 and a capacitor 19

are serially connected between the base of the

transistor 13 and a common reference potential

which can be ground, and comprise a series reso-

nant circuit which determines the operating fre-

quency of the oscillator 20.

A resistor 15 is connected between the base of

the transistor 13 and the common reference poten-

tial. An inductor 21 and a capacitor 23 are con-

nected in parallel between the emitter of the tran-

sistor 13 and ground. The collector of the transistor

13 is coupled to the bias voltage Vs provided by

the bias supply 40 via an RF choke 25. The resis-

tors 11, 15 and the inductors 21, 25 provide the

bias for the transistor 13, while the capacitor 23

provides feedback for oscillation.

A capacitor 27 is connected between the col-

lector of the transistor 13 and ground, and an

inductor 29 is serially connected with a capacitor

31 between the collector of the transistor 13 and a

node 32. A capacitor 33 is connected between the

node 32 and ground, while a capacitor 35 is con-

nected between the node 32 and the base of an

NPN transistor 39 of the preamplifier 30. A capaci-

tor 37 is connected between the base of the tran-

sistor 39 and ground. The inductor 29 and the

capacitors 27, 31, 33, 35, 37 match the power from

the oscillator into the preamplifier 30.

The preamplifier 30 includes the NPN transis-

tor 39 and a base biasing diode Dl is connected

between the base of the transistor 39 and the

common reference potential. A capacitor 41 is con-

nected between the emitter of the transistor 39 and

ground, and an inductor 43 is connected between

the emitter of the transistor 39 and the feedback

regulation control circuit 100 which controls the DC

current through the preamplifier 30.

The collector of the transistor 39 is coupled to

bias voltage Vs via an RF choke 47 and a sensing

resistor Rs which senses the DC collector current

of the transistor 39. The terminals of the sampling

resistor Rs are further connected to the feedback

regulation control circuit 100 which is responsive to

the voltage across the sensing resistor Rs, which

voltage is representative of the DC collector current

of the transistor 39.

An inductor 49 and a capacitor 51 are serially

s connected between the collector of the transistor

39 and a node 52 which is connected to the power

amplifier circuit 60. A capacitor 53 is connected

between the node 52 and ground. The inductor 49

and the capacitors 51 , 53 comprise a tuned output

io matching network that is tuned to the operating

frequency of the oscillator 20.

While an oscillator and preamplifier have been

disclosed for providing the RF output drive signal

to the power amplifier circuit 60, it should be ap-

15 predated that a power oscillator could also be

utilized to provide the RF drive output signal. The

power oscillator would include a transistor config-

ured similarly to the transistor 39 as well as a

sensing resistor, and would be responsive to the

20 feedback regulation circuit 100 for the control of

the RF output drive signal.

Referring now to FIG. 3, shown therein is a

schematic of a single stage power amplifier 60A

which can be utilized as the AC power amplifier

25 circuit 60. It should be noted that with a single

stage power amplifier, and depending on the volt-

age of the DC power source V^, the bias supply

40 might not be necessary, in which case the

biasing for the self-exerted oscillator and the

30 preamplifier could be provided directly by the pow-

er source Vdc .

The power amplifier 60A includes a capacitor

63 which is connected between an input node 54

connected to the node 52 of the preamplifier 30

35 (FIG. 2) and the base of an NPN transistor 69. An

inductor 65 and a capacitor 67 are connected in

series between the node 54 and the emitter of the

transistor 69. A capacitor 71 and a resistor 73 are

connected in parallel between the emitter of the

40 transistor 69 and the base thereof. The base of the

transistor 69 is connected to a common reference

potential such as ground.

An RF choke 75 and an inductor 79 are serially

connected between the collector of the transistor

45 69 and the power source Vdc . A capacitor 77 is

connected between the power source Vdc and

ground. A capacitor 81 and a diode 401 are con-

nected in parallel between the collector of the

transistor 69 and the base thereof. A capacitor 83

50 is connected between a node 78 and an output

node 82, and a capacitor 85 is connected between

the output node 82 and the base of the transistor

69b.

The power amplifier 60A operates as follows.

55 The transistor 69 functions as a switch and is

always in one of the following three states, depend-

ing on the current applied to its base. It is ON
when it is conductive with the associated relatively

0399561A2J_>



5 EP 0 399 561 A2 6

low collector-emitter resistance. It is OFF when it is

non-conductive with a relatively high collector-emit-

ter resistance. It is IN TRANSITION when it transi-

tions from the ON state to the OFF state, as well as

from the OFF state to the ON state. 5

The input to the power amplifier at the input

node 54 is a sinusoidal voltage. The network com-

prising the capacitors 63, 67, 71 and the inductor

65 is a tuned input matching network that is tuned

to the frequency of the oscillator 20 and matches 10

the source impedance of the preamplifier 30 to the

base-emitter impedance of the transistor 69.

The RF choke 75 has a sufficiently high reac-

tance so that the current flow therethrough is sub-

stantially constant for any given load. The inductor 75

79 and the capacitors 83, 85 form a tuned output

matching network that is tuned to the frequency of

the oscillator 20 and matches the transistor collec-

tor impedance to the load impedance of the imped-

ance transformation circuit 80. The Q of the tuned 20

output matching network is sufficient to allow the

current circulating around the network comprising

the inductor 79 and the capacitors 81, 83, 85 to be

sinusoidal.

When the transistor 69 is OFF, the collector 25

voltage is produced by charging of the capacitor

81, and the collector-base and collector-emitter

capacitances of the transistor 69. The current that

charges these capacitances is the sum of the DC
current through the RF choke 75 and the current in 30

the tuned circuit comprising the inductor 79 and

the capacitor 83. The collector voltage approxi-

mates a classical half-wave sinewave signal. Since

the tuned output matching network comprising the

inductor 79 and the capacitors 83, 85 forces a 35

sinusoidal current output, the voltage at the output

node 82 is a classical sinewave at the fundamental

frequency defined by the oscillator. However, there

is a shift in phase between the signal at the collec-

tor of the transistor 69 and the signal at the output 40

node 82 due to the tuned matching network.

When the transistor 69 turns on, the collector

voltage is prevented from going negative by the

diode 401. In particular, the diode 401 prevents

reverse conduction of current through the collector- 45

emitter junction of the transistor 69, and also pre-

vents the base-collector junction from becoming

forward biased, thereby substantially eliminating

storage time problems in the transistor.

While the foregoing illustrative example of a so

single stage power amplifier 60A is a common
base amplifier, a common emitter amplifier as

schematically illustrated in FIG. 4 could also be
utilized for the amplifier circuit 60 in FIG. 1. The
common emitter ampGfier of FIG. 4 is topological^ 55

similar to the common base amplifier of FIG. 3,

with the difference being connections of the base

and emitter of the transistor 69'. The values of the

elements of the tuned circuits of the power am-
plifier of FIG. 4 will be different, to some extent,

from the values of the corresponding elements in

FIG. 3.

Referring now to FIG. 5. shown therein are an

impedance transformation circuit 80A and a

rectifier/filter circuit 90A which can be utilized with

the power amplifier 60A of FIG. 3. By way of

specific example, the impedance transformation

circuit 80A comprises a standard coaxial line balun

transformer 201 having three serially connected

windings 201a, 201b, 201 c connected between a

node 214 and ground. The node 212 between the

windings 201a, 201b is connected to the output

node 82 of the power amplifier 60A (FIG. 3). The
node 214 at one end of the winding 201a is con-

nected to one side of the rectifier filter circuit 90A,

and the node 216 between the windings 201b,

201c is connected to the other side of the

rectifier/filter circuit 90A. The other end of the wind-

ing 201c is connected to ground.

The balun 201 functions to convert the output

of the power amplifier 60A into two complementary

signals (i.e., 180 degrees out of phase relative to

each other), and can function to provide a step-up

or step-down in voltage. If the power amplifier 60A
provided complementary output signals, the balun

201 would not be necessary.

The rectifier/filter circuit 90 includes a first im-

pedance matching network comprising a shunt ca-

pacitor 211a and a series inductor 213a. Specifi-

cally, the capacitor 21 1a is connected between the

node 214 and ground, and the inductor 213 is

connected between the node 214 and the anode of

the diode 217a. A shunt inductor 215a is connected

between the anode of the diode 217a and ground.

The rectifier/filter circuit 90 further includes a

second impedance matching network comprising a

capacitor 211b and an inductor 213b. Specifically,

the capacitor 211b is connected between the node

216 and ground, and the inductor 213b is con-

nected between the node 216 and the anode of the

diode 217b. A shunt inductor 215b is connected

between the anode of the diode 217b and ground.

The impedance matching networks function to

match the output impedance of the balun to the

input impedance of the rectifier diodes, and the

shunt inductors 215a, 215b provide bias current to

the diodes 127a, 217b.

The cathodes of the diodes 217a. 217b are

connected together to an output filter network that

comprises an inductor 219, a capacitor 221, and a

resistor 223. The inductor 219 is connected be-

tween the cathodes of the diodes 21 7a, 217b and

the output node 218 of the rectifier, filter 90A. The

capacitor 221 and the resistor 223 are connected in

parallel between the output node 218 and ground.

Referring now to FIG. 6, illustrated therein is a

8NSOOC1D: <EP 0399561A2J_>
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multiple stage power amplifier circuit 60B that can

be utilized as the power amplifier circuit 60 of FIG.

1. The power amplifier circuit 60B generally in-

cludes a power splitter 50 that distributes the out-

put of the preamplifier 30 substantially equally to a

plurality of stacked power amplifiers 600. The pow-

er splitter 50 can be a Wilkinson type splitter, for

example. The stacked power amplifiers 600 are

shown by way of example as comprising 4 stacked

power amplifiers 600a. 600b, 600c, 600d. Briefly,

the stacked power amplifiers 600 effectively pro-

vide a serial DC bias path between the DC power

source Vdc and ground while providing parallel AC

power outputs.

The outputs of the stacked power amplifiers

600 are combined in a power combiner 70, which

by way of example can be Wilkinson type com-

biner, which provides its combined output to the

impedance transformation circuit 80. By way of

example, the impedance transformation circuit 80

and the rectifier/filter circuit 90 for use with the

amplifier circuit 60B of FIG. 6 can be implemented

as the impedance transformation circuit 80A and

the rectifier circuit 90A of FIG. 5.

The splitter circuit 50 includes a capacitor 55

connected between the output node 52 of the

preamplifier 30 (FIG. 2) and ground, and further

includes four (4) identical subcircuits 50a, 50b, 50c t

50d connected between the preamplifier output

node 52 and respective nodes 54a, 54b, 54c, 54d

which are respectively connected to the inputs of

the stacked amplifiers 600a, 600b, 600c, 600d. For

ease of reference, only the circuit 50b will be

described, but corresponding elements of all the

subcircuits are identified in the figure with cor-

responding reference numerals together with re-

spective alphabetic designators a, b, c, d.

The subcircuit 50b includes an inductor 57b

connected between the node 52 and the node 54b,

and further includes a resistor 59b and a capacitor

61b connected in parallel between the node 54b

and a node 56 which is common to ail subcircurts

of the splitter circuit 50.

The power amplifiers 600a, 600b, 600c, 600d

are substantially identical single transistor amplifi-

ers which receive respective inputs on the nodes

54a, 54b, 54c, 54d. Except for specific biasing

connections, each of the stacked amplifiers 600a,

600b, 600c, 600d is substantially identical to the

amplifier 60A shown in FIG. 3. For ease of refer-

ence, the elements in the stacked amplifiers 600a,

600b, 600c, 600d that correspond to the elements

in the amplifier 60A are identified with the same

reference numerals followed by respective alpha-

betic designators a, b, c, d. Also for ease of refer-

ence, only the specific elements of the amplifier

600b are shown, but certain elements of the other

amplifiers 600a, 600c, 600d will be referenced as

required to fully explain the biasing connections.

The node between the inductor 75a and the

capacitor 77a of the power amplifier 600a is con-

nected to the power source V^. The node between

5 the inductor 75b and the capacitor 77b of the

power amplifier 600b is connected to the base of

the transistor 69a of the power amplifier 600a.

Similarly, the node between the inductor 75c and

the capacitor 77c of the power amplifier 600c is

w connected to the base of the transistor 69b of the

power amplifier 600b; and the node between the

inductor 75d and the capacitor 77d of the power

amplifier 600d is connected to the base of the

transistor 69c of the power amplifier 6O*C0c. The

75 base of the transistor 69d of the power amplifier

600d is connected to ground.

While the stacked amplifiers 600 of the power

amplifier circuit 60B have been disclosed as com-

mon base amplifiers, it should be appreciated that

20 each of the stacked amplifiers can comprise a

common emitter amplifier as schematically shown

in FIG. 5.

The combiner circuit 70 includes four (4) iden-

tical subcircurts 70a. 70b f 70c, 70d respectively

25 connected between the amplifier output nodes 82a,

82b, 82c, 82d and a combiner circuit output node

86. For ease of reference, only the combiner sub-

circuit 70b will be described, with corresponding

elements of all the subcircuits being identified in

30 the figure with corresponding reference numerals

together with respective alphabetic designators a,

b, c, d.

The combiner subcircuit 70b includes a capaci-

tor 91b and a resistor 93b connected in parallel

35 between the power amplifier output node 82b and a

node 84 that is common to all subcircuits of the

combiner circuit 70. An inductor 87b is connected

between the node 82b and the combiner output

node 86, and a capacitor 89 is connected between

40 the output node 86 and ground.

The output of the combiner circuit 70 is pro-

vided to an impedance transformation circuit 80

which can be implemented as the impedance

transformation circuit 80A of FIG. 5. The

45 rectifier/filter circuit 90 for use with the power am-

plifier 60B can be implemented as the rectifier/filter

circuit 90A of FIG. 5.

While the foregoing stacked power amplifier

circuit 60B has been discussed relative to the

so provision of a combined AC output, the AC outputs

of the stacked amplifiers 600a, 600b, 600c, 600d

can be provided to respective impedance trans-

formation circuits and rectifier/filter circuits to pro-

vide respective DC outputs (i.e., without a combiner

55 circuit 70). it should be noted, however, that as a

result of series biasing, such configuration having

parallel DC outputs requires that each power am-

plifier provide substantially the same output power,

BNSDOCID: <EP 0399561 A2. 1.
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9 EP 0 399 561 A2 10

although the polarities and voltages of the respec-

tive DC outputs can be different

The respective impedance transformation cir-

cuits and rectifier/filter circuits utilized with a power

amplifier circuit that provides parallel AC outputs

can be implemented with the transformation circuit

80A and the rectifier/filter circuit 90A of FIG. A.

As a further configuration of the disclosed VHF
power supply, separate preamplifiers could be pro-

vided for each of the stacked amplifiers 600a.

600b, 600c. 600d, wherein the splitter circuit 50

would not be utilized. The outputs of the stacked

amplifiers 600a, 600b, 600c, 600d so configured

could be combined to provide a single AC output

or they could be transformed and rectified in par-

allel, as discussed above.

Referring now to FIG. 7, schematically shown
therein is an illustrative implementation of the feed-

back regulation control circuit 100 which includes

an error amplifier 311 that is responsive to the

power supply output voltage Vout and a reference

voltage V^, and provides an output indicative of

the difference between the power supply output

voltage Voul and the reference voltage Vref . The
output of the error amplifier 311 is connected to the

non-inverting input of an operational amplifier 313

which has its inverting and non-inverting inputs

respectively coupled via respective resistors 317,

319 to the nodes 42, 44 on either side of the

sampling resistor Rs of the preamplifier 30 (FIG. 2).

A resistor 321 is connected between the inverting

input of the operational amplifier 313 and ground,

while a resistor 323 is connected between the non-

inverting input of the operational amplifier 313 and

ground.

The output of the operational amplifier 313 is

coupled via a resistor 325 to the gate of an FET
327 which has its source connected to ground. The
drain of the FET 327 is connected to the inductor

43 of the preamplifier 30 (FIG. 2), and controls the

DC current through the preamplifier.

In operation, the voltage across the sensing

resistor ft. is indicative of the DC collector current

of the transistor 39 of the preamplifier 30 and

thereby the DC current through the FET 327. The
voltage across the sampling resistor, which is indi-

cative of the FET DC current, produces a current

that is summed with the output of the error am-
plifier 31 1 to produce a signal which linearizes the

current gain of the FET 327. Essentially, an in-

crease in the gate input to the FET 327 increases

the DC collector current of the transistor 39, which

in turn increases the RF output drive signal pro-

vided by the preamplifier 30.

As a result of the very high frequencies utilized

in sections of the disclosed VHF power supply,

implementation thereof involves layout consider-

ations, which are slightly different for different por-

tions of the power supply circuit.

The oscillator 20, the preamplifier 30. and the

power amplifier circuit 60 should be laid out pursu-

ant to generally accepted RF layout techniques that

5 minimize or reduce resistive losses, coupling ef-

fects, and parasitic effects. Thus, for example, re-

sistive (PR) losses due to circulating currents are

reduced by keeping the ground paths between

components as short as practicable, and also by
w keeping the ground points as close to a single

point as practicable. A ground plane which has a
lower impedance than thin, long conductive traces

can be utilized to reduce resistive losses. Resistive

losses in capacitive and inductive components can

75 be reduced^ by utilizing components having large

unloaded Q s (i.e., with minimum resistive imped-

ances).

Further as to layout of the oscillator 20. pream-

plifier 30. and power amplifier circuit 60, parasitic

20 coupling between components is reduced or avoid-

ed by appropriate separation between components,

including appropriate separation between input and
output networks, for example. The consideration of

separation results in a tradeoff relative to reducing

25 circulating currents by locating ground points close

together. The resonance effects and signal phase

mismatch due to component lead length are re-

duced by making component leads as short as

practicable, which presents a tradeoff consideration

30 relative to component separation for avoiding para-

sitic coupling.

The rectifiep'filter 90 should also be appro-

priately laid out to minimize losses due to circulat-

ing current losses (i.e., ground paths should be

35 made as short as practicable and ground points

should be made as close together as practicable).

Component lead length should be short to mini-

mize resonance and radiation effects, but compo-
nent location and separation between the input

40 matching networks, the diodes, and the output filter

may be less critical since the signal through the

filter is DC. It is important, however, that the recti-

fier circuit input and the amplifier circuit output be
located close to each other since any length of

4S conductor between the amplifier output and the

rectifier input introduces phase mismatch.

The feedback control circuit includes operation-

al amplifiers, and generally accepted operational

amplifier layout practices should be utilized to re-

50 duce stray capacitances and insure proper ground-

ing. The conductive path from the feedback control

circuit to the preamplifier should be short to pre-

vent inductive ringing or noise pick-up.

The disclosed VHF DC to DC power supply

55 can be advantageously implemented with printed

microstrip or stripline passive components, which

provides for reduced manufacturing cost. While the

power supply has been implemented at an operat-

BNSOOC1D: <EP 0399561A2J_>
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ing frequency of 100 MHz with printed passive

components on low dielectric substrate material,

further size reduction can be achieved by reducing

the propagation velocity in the substrate, for exam-

ple by utilizing a substrate of higher dielectric 5

constant (i.e., higher permittivity) and/or higher per-

meability. The size reduction at 100 MHz due to

substrate material having reduced propagation ve-

locity makes printed passive components practical

at lower frequencies. w
The foregoing has been a disclosure of a very

high frequency DC to DC power supply that ad-

vantageously operates at frequencies greater than

50 MHz and provides advantages including in-

creased efficiency, increased power density (i.e., is

more power per packaged unit volume), reduced

component sizes, the capability to utilize microstrip

or stripline passive elements, simplified output fil-

tering, and lower cost. Further, the disclosed power

supply provides for fast response which reduces or 20

eliminates the requirement for large energy storage

elements such as capacitors. As a result, the vol-

ume of the power supply components is reduced,

and the reliability of the power supply is improved

due to the reduction of stored energy in storage 25

elements such as capacitors.

The stacked amplifier implementation provides

additional advantages including the ability to use

VHF transistors which individually would not meet

the DC input voltage requirements. The AC parallel 30

and DC series configuration of power amplifier

stages allows each stage to operate at a higher

impedance level, which simplifies realization of the

passive components, and also allows for lower

power levels in each stage, which contributes to 35

the efficiency of the power supply.

While the foregoing VHF power supply op-

erates at frequencies that are considered RF, the

considerations involved in the VHF power supply

are different from those for common RF amplifiers. 40

With common RF amplifiers, optimum efficiency is

typically compromised for ruggedness, stability,

bandwidth, gain, and low harmonic and inter-

modulation distortion. In contrast, the disclosed

VHF power supply achieves optimum efficiency by 45

high gain, low resistance loss, and very good im-

pedance matching, while compromising bandwidth,

ruggedness and stability margin with load vari-

ations. As to harmonic distortion, it can be tolerated

at output of the power amplifier of the VHF power 50

supply which can be filtered. However, harmonic

distortion at the power amplifier transistor during its

OFF state must be reduced since that causes

power dissipation and reduced efficiency.

Although the foregoing has been a description 55

and illustration of specific embodiments of the in-

vention, various modifications and changes thereto

can be made by persons skilled in the art without

departing from the scope and spirit of the invention

as defined by the following claims.

Claims

1 . A DC to DC power supply, characterized by:

- RF drive means for providing an RF output drive

signal;

- amplifier means responsive to said RF output

drive signal and to a DC supply voltage for provid-

ing an AC amplified output;

- means for impedance transforming said AC am-

plified output to provide an impedance transformed

AC signal; and

- means for rectifying said impedance transformed

AC signal to provide a DC voltage output.

2. The DC to DC power supply of claim 1,

characterized in that said power supply utilizing

printed stripline or microstrip passive components.

3. The DC to DC power supply of claims 1 or

2, characterized by RF drive means for providing

an RF output drive signal having a frequency great-

er than about 50 MHz.

4. The DC to DC power supply of claim 3,

characterized in that said amplifying means com-

prises a power amplifier tuned to the frequency of

said RF drive means.

5. The DC to DC power supply of claim 4,

characterized in that said power amplifier com-

prises a common base amplifier.

6. The DC to DC power supply of claim 5,

characterized in that said common base amplifier

includes a tuned input matching network and a

tuned output matching network.

7. The DC to DC power supply of claim 4,

characterized in that said power amplifier com-

prises a common emitter amplifier.

8. The DC to DC power supply of claim 7,

characterized in that said common emitter amplifier

includes a tuned input matching network and a

tuned output matching network.

9. The DC to DC power supply of any one of

claims 3 through 8, characterized in that said im-

pedance transforming means comprises a balun

transformer.

10. The DC to DC power supply of any one of

claims 3 through 9, characterized in that said am-

plifying means comprises:

- power splitting means responsive to said RF

output drive signal for providing a plurality of RF

drive signals; and
- a plurality of power amplifiers respectively re-

sponsive to said RF drive signals for providing a

plurality of amplified AC output signals.

11. The DC to DC power supply of any one of

claims 3 through 10, characterized in that said

impedance transformation means comprises a plu-

0399561A2 I_>
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rality of impedance transformation circuits respec-

tively responsive to said plurality of amplified AC
output signals.

12. The DC to DC power supply of any one of

claims 3 through 11. characterized in that said s

amplifying means further includes power combining

means for combining said amplified AC output sig-

nals to provide a combined AC output signal

13. The DC to DC power supply of any one of

claims 10 through 12. characterized in that said io

plurality of amplifiers comprise a plurality of

stacked amplifiers which are DC biased in series.

14. The DC to DC power supply of any one of

claims 10 through 13, characterized in that each of

said plurality of amplifiers comprises a common is

base amplifier.

15. The DC to DC power supply of claim 14,

characterized in that said common base amplifier

includes a tuned input matching network and a

tuned output matching network. 20

16. The DC to DC power supply of any one of

claims 10 through 13, characterized in that each of

said plurality of amplifiers comprises a common
emitter amplifier.

17. The DC to DC power supply of claim 16. 25

characterized in that said common emitter amplifier

includes a tuned input matching network and a

tuned output matching network.

18. The DC to DC power supply of any one of

claims 3 through 17, characterized by feedback 30

regulation control means responsive to said DC
voltage output and a reference voltage for control-

ling said RF drive means.

19. The DC to DC power supply of claim 18,

characterized in that said RF drive means includes 35

a bipolar transistor amplifier and wherein said feed-

back regulation control means controls the current

provided by the emitter of said transistor amplifier.

20. The DC to DC power supply of claims 18

or 19, characterized in that said feedback regula- 40

ton control means includes an FET coupled to the

emitter said transistor amplifier and means for lin-

earizing the current gain of said FET.

45

50

55
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